performance including absolute muscular endurance and predicted 1-repetition maximum (RM), in addition to body composition. No significant between groups differences were identified for change in muscular performance measures for leg press or chest press exercises, or for body composition changes. Analyses revealed a significantly greater improvement for CON compared to ECC groups (p < 0.05) for change in absolute muscular endurance for the pull-down exercise. Effect sizes for muscular performance changes were moderate to large for all groups and exercises (0.75-2.00). The present study supports previous research that ECC only training produces similar improvements in muscular performance to traditional training where intensity of effort is controlled. Data herein further supports the use of uncomplicated, low volume RT to momentary failure as an efficacious method of improving muscular performance in trained persons.
To date the literature suggests equivocal results for load-accentuated ECC RT.
Nichols et al. (1995) reported greater gains in strength when training with an accentuated
ECC load compared to traditional RT in older adults. Conversely, other research has found no such differences reporting similar increases in strength between load-accentuated ECC training and traditional RT (Godard et al. 1998 ). However further research has reported no differences for strength increase but reported significant differences for peak power Furthermore, research has shown isokinetic muscle actions to produce higher peak EMG values for ECC compared to CONC actions (Bishop et al. 2000) , contrasting to the aforementioned load matched isoinertial methods (Moritani et al. 1987 To date there appear to have been no large scale, studies utilising a whole-body RT protocol comparing practical approaches to RT by manipulating and controlling muscle action, repetition duration and loading strategies in trained participants whilst controlling for intensity of effort. With the above in mind the aim of the present research piece is to consider the effects of repetition duration-accentuated ECC only-, the addition of an ECC only-and traditional-RT upon muscular performance and body composition in previously trained males and females.
Methods

Study Design
A randomised controlled trial design was adopted, with three experimental groups included. The effects of three RT interventions were examined in trained participants upon muscular performance and body composition. The study design was approved by the relevant ethics committee at the first author's institution. (males = 10, females = 10)), repetition duration-accentuated eccentric (ECC-A; n = 20 (males = 10, females = 10)) and a control group (CON; n = 20 (males = 10, females = 10)).
Participants
Participants were asked regularly about external exercise habits resulting in one female participant being removed from the study (CON group) at week 9 when she expressed that she had begun attending another structured exercise program. All remaining participants completed all required exercise sessions (e.g. 2 d . wk -1 for 10 weeks).
Procedures Testing
Pre-and post-intervention muscular performance testing was performed in the following order with 120 seconds rest between exercises using chest press (CP), leg-press (LP; both MedX, Ocala, FL, USA) and pull-down (PD; Hammer Strength wide pull-down, Briefly, whilst wearing minimal clothing (swimsuit or tight fitting underwear) and a swim cap, participants were weighed using a calibrated digital scale. The participant was then seated in the Bod Pod for body volume measurement. From the body mass and body volume measurements, and predicted thoracic lung volumes, body density was estimated by the Bod Pod software and lean and fat mass estimations calculated using the Siri equation.
Training Intervention (ECC, ECC-A, CON)
Training was performed 2 d . wk .-1 (with at least 48 hours between sessions) for 10
weeks. RT exercises included leg extension, leg curl, leg press, (MedX, Ocala, FL, USA)
overhead press (Nautilus 2ST, Vancouver, WA, USA), chest press (MedX, Ocala, FL, USA), pec-fly (Nautilus Nitro Plus, Vancouver, WA, USA), pull-over (Nautilus 2ST, Vancouver, WA, USA) and pull-down (Hammer Strength wide pull-down, Rosemont, Ill, USA) performed for a single set per session to MF.
The ECC group performed 1 x traditional and 1 x eccentric only workout each week.
For the traditional workout each of the exercises were performed using a 2 second concentric, 4 second eccentric (2:4) repetition duration reaching concentric MF in 8-12
repetitions. All participants in the study had previously been performing RT using this repetition duration for the majority of their training. For the eccentric only workout participants performed only eccentric muscle actions (the load was lifted by trainers) with a load ~30% greater than their traditional workout load whilst repetition duration was controlled at 10 seconds. Loads were increased when participants could perform >8
repetitions. Participants performed repetitions to eccentric MF which was defined as D r a f t
Differing muscle actions for Resistance Training 10 | P a g e occurring when the participant could no longer control the load for the required duration (i.e. where despite attempting to maintain the prescribed repetition duration the participant could not prevent the eccentric contraction from occurring at a shorter repetition duration than prescribed). To manage the risk of overtraining suggested by excessive training to MF (Willardson, 2007) , it was felt that training 1 x traditional (e.g.
CONC MF) and 1 x eccentric only (e.g. ECC MF) was a realistic approach to testing ECC only training. In addition, since ECC only training requires the assistance of either a trainer or training partner we suggest it is not performed in high frequency. This research design served to reach MF for CONC training but also utilise the hypothesised greater motor unit fatigue and potential greater adaptations by training to ECC MF (Schoenfeld, 2011) . Further, as ECC only training is predominantly used as an adjunct to traditional CON training by trained persons it was felt that this represented a more ecologically valid examination of its application. All training sessions were performed at a 1:1 (trainer: trainee) supervision ratio.
Where necessary to help perform the lifting of the weight for the ECC only sessions a second trainer assisted but did not provide coaching/instruction.
The ECC-A group performed 2 x eccentric accentuated workouts per week using the above exercises. Repetition duration was controlled at 2 seconds concentric, 10 seconds eccentric (2:10) reaching concentric MF in ~6 repetitions.
The CON group performed each of the above exercises using the traditional protocol 
Statistical Analyses
Power analysis of research using low volume RT in trained participants (Fisher et al. After drop-outs (n = 1) data was available from 59 participants (ECC; n = 20; ECC-A; n = 20; CON; n = 19). Data met assumptions of normality of distribution when examined using a Kolomogorov-Smirnov test. Baseline data were compared between groups using a oneway analysis of variance (ANOVA) to determine whether randomisation had succeeded.
Between groups comparisons for absolute changes in muscular performance and body composition outcomes were performed using one-way ANOVA. 
Results
Participants
Participant baseline demographics are shown in Table 1 . Demographic variables did not differ between groups at baseline.
*INSERT TABLE 1 ABOUT HERE*
Absolute Muscular Endurance
ANOVA did not reveal any significant between group effects for baseline absolute muscular endurance data for any exercise. Figure 1 shows the individual responses and mean changes in absolute muscular endurance with 95%CIs for each group and exercise with 95%CIs indicating that significant changes in muscular performance within each group occurred for every exercise. ANOVA did not reveal any significant between group effects for change in absolute muscular endurance for chest press (Mean ±SD for Volume-Load change ECC = 165.9 ±212.8, ECC-A = 252.8 ±152. 
Predicted 1RM
ANOVA did not reveal any significant between group effects for baseline predicted 1RM data for any exercise. Figure 2 shows the individual responses and mean changes in predicted 1RM with 95%CIs for each group and exercise with 95%CIs indicating that significant changes in muscular performance within each group occurred for every exercise.
ANOVA did not reveal any significant between group effects for change in predicted 1RM for chest press (F 2, 55 = 0.442, p = 0.645), leg press, (F 2,55 = 0.918, p = 0.405), or pull down (F 2,55 = 3.108, p = 0.053). ESs for predicted 1RM changes were all considered moderate to large for ECC, and large for both ECC-A and CON groups, and respectively were: 0.75, 1.09, and 1.87
for chest press; 1.22, 1.58, and 1.48 for leg press; and 1.24, 1.15, and 1.72 for pull down.
Body Composition
ANOVA did not reveal any significant between group effects for baseline body composition data. 
Discussion
The present study examined the effects of the addition of ECC only and repetition duration-accentuated ECC only RT protocols compared to a control group training to MF in trained males and females. Results suggested that all groups made significant improvements in muscular performance in the form of absolute muscular endurance and predicted 1RM.
The only between groups statistically significant difference occurred in favour of greater gains for the CON group compared to the ECC only group for pull-down exercise; however, ESs were qualitatively large for all groups. To date this appears to be the first empirical research trial which has applied a practical approach of ECC only, and repetition duration- However, analyses did reveal a statistically significant difference between CON and ECC only groups for PD exercise in favour of greater muscular performance adaptation for the CON group in absolute muscular endurance (p = 0.035; ESs were 1.48 and 2.00 for ECC and CON, respectively). Qualitatively ESs were both large but were more favourable for the CON group. Previous research has reported that strength adaptations are more specific to training type, e.g. that CONC training improves CONC strength to a greater degree than ECC training, and ECC training improves ECC strength to a greater degree than CONC training adaptations might have occurred within the present study but simply were unidentifiable by our anthropometric measurements. We should also acknowledge that no effort was made to control or monitor dietary intake, which, whilst a potential limitation of the present study, adds ecological validity of real people doing real workouts and is thus representative of the population group considered.
The present study has considered trained participants and as such adds to the limited research considering this population group. In addition this represents the first ECC study to consider chronic adaptations of a multi-joint, multi-exercise protocol appropriately controlled for intensity of effort. However, we should consider the respective limitations of the present study. Firstly, our strength data presented is based on a predictive equation and so does not have the same validity as maximal testing performed using isometric or isokinetic dynamometry. Secondly, whilst presenting an ecologically valid approach, our intervention only considered resistance training 2 . d . wk -1 and ECC only training in 1 of 2 weekly workouts to attempt to avoid overtraining. In addition, whilst using a greater load than the other groups, the ECC only group did not use a supramaximal (e.g. > 1RM) training load. Further research should consider higher training loads, and frequencies and perhaps apply periodization based on personal fatigue, rather than attempting to pre-empt overtraining. Another direction might investigate the perceived effort and muscular discomfort associated with ECC only and repetition duration accentuated ECC training, along with potential psychological effects such as motivation, enjoyment, etc.
Practical applications
Results from the present study suggest that considerable increases in muscular 
